Abstract Inter-regional comparative studies of cranial morphology depend upon composite specimens constructed according to the standards chosen by the writers. Although there have been many reports about variations within the so-called "Jomon population ," very few have taken up the issue of the validity of the regional classification. In this study, Mahalanobis' D2s are calculated from metric and nonmetric data to evaluate the intra-and inter-regional variation of Jomon crania, mainly from two regions -northern Chiba and the Atsumi Peninsula. The samples of both districts cannot be regarded as a homogeneous unit with morphological peculiarity by the D2s and bootstrap derived probabilities. The heterogeneities of the intra-regional variation are as large as those of inter-regional variation. This may indicate that, at least in the samples used for this study, morphological differences are not parallel to regional ones and thus, for what has been called the "Jomon population ," the regional classification is not valid.
INTRODUCTION
There have been many studies on Jomon cranial variation. Suzuki (1969) investigated microevolutional changes of the Japanese population, using the Jomon cranial series from the Kanto district as a representative sample of the Jomon population, and Ogata (1967 Ogata ( , 1973 Ogata ( , 1981 ) discussed temporal differences of the Jomon crania, which were divided into two groups of different periods -the Initial or Early Jomon and the Middle, Late or Final Jomon. Comparing specimens from shell-mounds in coastal regions with those from cave-sites in mountain regions, Ikeda (1985) suggested environmental effects on cranial morphology.
A few authors have reached similar conclusions that the Jomon population was morphologically as homogeneous as modern Japanese (Yamaguchi, 1981 (Yamaguchi, , 1982 Dodo, 1982) . Yamaguchi investigated cranial metric variation between the Tsukumo, Yoshiko and southern Kanto Jomon series and compared it with the variation in the modern Japanese. He found a morphological cline from Tsukumo to southern Kanto in several characters. Dodo made metric comparisons of Tohoku Jomon crania with those from Kanto and western Honshu. He also investigated the incidence of nonmetrical characters in cranial series from the Tohoku Jomon, western Japanese Jomon and Ainu (Dodo, 1986) .
In most previous studies of inter-regional Jomon cranial variation, the Jomon cranial series was divided into samples based on composite values of specimens from several geographical regions or periods; the differences between these composites were then investigated. However, the variation between archeological units, not mentioned in the previous studies, must be investigated before lumping because cranial variations with sites may exist within the combined samples. In other words, we should pay attention to the degree of homogeneity between archeological sites within each region. Uchida (1985) discussed the morphological variation of Jomon crania among individual archeological sites. Even though she found wide variation between archeological sites within a geographical region, the low number of specimens from individual sites forestalled deeper inquiry, and she was forced in the end to pool samples from several regions for an inter-regional analysis. This study is a followup of Uchida's analysis. Using a new simulating technique called the "bootstrap" method which partially overcomes the problem of small sample sizes, I was able to include more information from the data sets into the analysis and to statistically evaluate the homogeneity within each region. The aim of the present analysis is to clarify in more detail the morphological variation of Jomon crania in view of the respective archeological units and then discuss the intra-and inter-regional homo geneityor heterogeneity of the Jomon population.
In part I of this article, I report the general morphology of the skulls of the Ubayama shell-mounds, Chiba prefecture (Kondo, 1993) . From basic comparisons with other sites, some regional characteristics were found, but I could not give an interpretation of their variation mainly because of a lack of contextual information. In this paper, based on total cranial morphology, I assess the validity of samples combined from sites often used in comparative studies of the Jomon population. The Ubayama material is expected to play an important part in this respect.
MATERIALS AND METHODS
I used the cranial measurements only of Jomon males because, in females, many specimens in the comparative samples were heavily damaged and thus the available sample sizes were limited. The names of sites, the sample sizes (parentheses) and the persons responsible for the measurements of respective group are as follows:
Ubayama (26) and Kasori (9): the author Kusakari (7): Hiramoto and Mizoguchi (1986) Sanganji (16): the author Yoshiko (41): Kintaka (1928) Ikawazu (4) and Hobi (10): the author Tsukumo (22): Kiyono and Miyamoto (1926) I also collected the descriptive data mentioned in part I of this article (Kondo, 1993) . All the data used here were collected by myself. Available sample sizes were 58 for Ubayama, 20 for Kasori, 13 for Kusakari, 17 for Kosaku, 38 for Sanganji, 35 for Ikawazu and 35 for Hobi. Sex determination accords with that of the original reports on the respective sites (Hanihara et al., 1988; Hiramoto and Mizoguchi, 1986; Kobayashi 1966; Morimoto et al., 1983; Ogata, 1969; Suzuki et al., 1968 Suzuki et al., , 1972 . Some specimens not reported in the previous papers were sexed by myself based mainly on associated pelves.
With the exception of the Kosaku and Kusakari samples, all the specimens studied are stored in the University Museum, the University of Tokyo or the National Science Museum, Tokyo. The specimens from Kosaku are stored in the Department of Anatomy, St. Marianna University School of Medicine and those from Kusakari are stored in the Cultural Properties Center of Chiba Prefecture, Chiharadai Branch Office. The loca tionsof all the archeological sites concerned here are shown in Fig. 1 .
I first investigated the regional homogeneity of Jomon skulls from the northern Chiba and Atsumi Peninsula districts using the metric data of males. The compo nentsof the northern Chiba population are Ubayama, Kasori and Kusakari, and those of the Atsumi Peninsula are Yoshiko, Ikawazu and Hobi. Ten metric variables were used: maximum cranial length, maximum cranial breadth, minimum frontal breadth, auriculo-bregmatic height, sagittal frontal arc, sagittal parietal arc, outer biorbital breadth, upper facial height, orbital breadth and orbital height. These variables were selected to illustrate the general morphology of the entire cranium in as unbiased a way as possible. The choice of variables can change the distribution of the missing values and therefore, there are some limitations in the validity of this analysis.
The regional homogeneity was evaluated using the bootstrap probability of a certain sample for the reference population of the region. The bootstrap method was developed by Efron (1982) , Efron and Gong (1983) and Diaconis and Efron (1983) to circumvent the limitations of the normal distribution method. The bootstrap enables the calculation of probabilities by resampling a sample randomly from the reference population to estimate the null distribution of a variable, for example, correlations between tooth crown diameter and foodstuff intakes (Mizoguchi, 1993) or a T-distribution of EDMA analysis (Lele and Richtsmeier, 1992) . This method may partly overcome the issues of small sample sizes, which had obviated earlier analysis based on sites. Specimens with some missing values can be included in the data sets to increase the amount of information.
In addition to the metric approach, I used the Mahalanobis' D2 equivalent for descriptive characters to assess biological distance between groups. I followed the distance equation of Konigsberg (1990) , where a tetrachoric correlation matrix KONDO between characters is employed instead of a covariance matrix. In calculating the tetrachoric correlation, I applied an approximate equation (Yasuda, 1977) . Before the calculation was done, all the descriptive data were transformed into 1-0 (all-ornone) data. The determination of a dividing point was made by splitting a sample into two groups at a position between several categories so that the numbers of specimens in the divided groups became as equivalent as possible (Mizoguchi, 1985) . After calculating the D2 equivalent, all the samples were plotted in a twodimensional plane by means of the multidimensional scaling method. 
RESULTS
The mean values of the 10 linear measurements in each sample and the results of t-tests for the differences between Ubayama and the others are shown in Table  1 . A nested analysis of variance was carried out in order to analyze the homogeneity or heterogeneity of these measurements ( Table 2 ). The differences between regions are significant at the level of 0.05 in three measurements, i.e., auriculo-bregmatic height, sagittal frontal arc and orbital height. On the other hand, the differences within regions are significant in two measurements barely at the level of 0.1. Thus, some characters showed regional heterogeneity and were effective for the inter regionalanalysis. (Brauer , 1988) . 3) Available sample sizes in parentheses .
as a parameter to illustrate to what degree the target sample differs from the reference population. I therefore investigated the regional homogeneity of Jomon populations in the two districts -northern Chiba and Atsumi Peninsula -by comparing the bootstrap probabilities. Table 3 shows the Mahalanobis' D2s and the bootstrap probabilities in the case where the two samples, Ubayama and Yoshiko, were used as the reference population. These results are schematically shown in Fig. 2 . The sample size is 20 for Ubayama, 7 for Kasori and 4 for Kusakari in northern Chiba. In Atsumi Peninsula, the sample size of Yoshiko is 18, that of Ikawazu is 4 and that of Hobi is 9.
In the case where Ubayama is used as a reference population ( Fig. 2(a) ), the heterogeneity of northern Chiba, which is represented by the distances between Ubayama and Kasori and between Ubayama and Kusakari, is nearly comparable to that between Ubayama and two Atsumi Peninsula sites, Ikawazu and Hobi. The distance between Ubayama and Yoshiko is smaller (D2=6.52) but these two populations should still be considered to be different (P<0.005).
In the case where Yoshiko is used as a reference population (Fig. 2(b) ), the distance of Ikawazu stands out rather sharply. But the probability for Ikawazu is (Brauer, 1988) .
2) Degree of freedom .
3) Sum of square .4 ) Significance level: *P<0 .10 and **P<0.05.
equal to those between Yoshiko and Ubayama and between Yoshiko and Tsukumo, though these lowest probabilities are under the limit of the bootstrap probability (1/200). The probability for Hobi (P=0.32) is intermediate between that for Sanganji (P=0.175) and that for Kasori (P=0.425). The heterogeneity within the Atsumi Peninsula area appears thus to be comparable to the differences between these geographical regions. In summary, not only did metric characters of individuals show no clear homogeneity in the two geographical regions -northern Chiba and Atsumi Peninsula -the heterogeneity within the respective regions was quite comparable to the differences between regions.
I also calculated distances between groups based on the non-metric characters (Table 4) as described in part I (Kondo, 1993) . While the results from the distance matrix (Table 5 ) and the two-dimensional plot (Fig. 3) are not completely comparable with the bootstrap results because the sites used in the analysis were different, it is plain that the distances within the respective regions (UbayamaKasori -Kusakari -Kosaku and Hobi -Ikawazu) are, again, comparable to those Fig. 2 . Schematic representation of the intra-and inter-regional variation constructed from Table 3 .
Reference populations are Ubayama in (a) and Yoshiko in (b).
between geographical regions (Ubayama -Sanganji and Ubayama -Hobi). There were some disparities between the metric bootstrap-derived results and the non-metric ones; for example, the difference between Ubayama and Sanganji is most distinct in the non-metric analysis, while the difference between Ubayama and Sanganji was smaller than that between Ubayama and Kasori in the bootstrap results. Descriptive characters may be of great use in distinguishing between sub-groups actually existing within populations which have so far been defined as unique, especially by metric characters. Fig. 3 . Two-dimensional representation of the distance matrix in Table 5 , based on 13 non-metric characters. Stress=0.172 comparable in degree to that between geographical regions. The lower homogeneity among the Atsumi Peninsula sites stemmed mainly from the great divergence of the Ikawazu sample from the others of the region. Mahalanobis' D2s are probably effected by small sample sizes, such as that from Ikawazu, which leads to a relatively long distance in results, but the bootstrap-derived probabilities are not affected insofar as the shape of a null distribution is presumed to be the same as that of a reference population. Although some would dispute this presumption, it does allow standards of comparison for the analysis of small samples. The demonstrated heterogeneity in each of the two geographical regions implies that the comparative studies lumping the samples from various archeological sites may not be valid. The differences between two archeological sites within a geographical region are sometimes greater than those between regions. Uchida (1985) showed that Tsukumo was much different from other groups, based on the following variables: maximum cranial length, maximum frontal breadth, sagittal frontal arc, upper facial height, cranial length-height index and sagittal frontal index. She noted that the distinction between Tsukumo and the other samples compared was due to the height of cranial vault and the degree of frontal curvature. In order to enable comparisons with Uchida's results, the six linear variables -maximum cranial length, maximum frontal breadth, basion-bregma height, sagittal frontal arc, nasion-bregma chord and upper facial height -on which Uchida's analysis was based were used here.
The Mahalanobis' D2s of my calculation are given in Table 6a , and the Penrose's shape distances quoted from Uchida (1985) in Table 6b . The two dimensional plots Table 6 . Mahalanobis' D2s based on 6 variables (a), and Penrose's shape distances cited from Uchida (1985) (b) are shown in Figs. 4 and 5. In my analysis (Fig. 4) , the peculiarity of Tsukumo is not as remarkable as reported by Uchida. The peculiarity of Tsukumo in her analysis may have resulted from her including two indices into variables, which showed clear distinction between Tsukumo and others. In comparison with my result, the distance between Ubayama and Sanganji in Uchida's result is very small (Fig. 5) . This may reflect oversimplification by the use of Penrose's distance or the relatively high stress (=0.234) of the multi-dimensional scaling, resulting in a poor graphic situation (Kendall, 1980) . Dodo asserted a close similarity between Tohoku and Kanto Jomon crania (Dodo, 1982) . He found regional differences between Tohoku and western Honshu Jomon in some cranial measurements and indices using a combined population consisting of Tsukumo and Yoshiko for the western Honshu Jomon. These similarities and distinctions are obscured, however, if the intra-regional heterogeneity for the Tohoku region is taken into account, this is actually much greater than the difference between Tohoku and other geographical regions. Fig. 5 . Two-dimensional representation of the Penrose's distance matrix in Table 6 (b) cited from Uchida (1985) . Stress=0.234 Yamaguchi (1982) also used a combined Jomon population from southern Kanto.
In his study, the peculiarity of Tsukumo is much smaller than indicated by Uchida. This is likely due to the difference in the author's choice of variables. Nonetheless, the findings from site specific samples presented here (Fig. 2) , examined by the unique criteria of Mahalanobis' distance and the bootstrap probabilities, cast some doubt on Uchida's conclusion of the peculiarity of Tsukumo from the Ubayama and Yoshiko populations.
The results of this study indicate caution when lumping or dividing samples into some regional categories. Previous authors' results regarding inter-regional differ encesor similarities of Jomon populations may be modified in consideration of intra-regional variation.
Yamaguchi and Dodo reported a regional cline of Jomon crania in some characters in previous papers (Yamaguchi, 1981 (Yamaguchi, , 1982 Dodo, 1982) , but no differences represented such a cline were found in this multivariate analysis at least between two regions, northern Chiba and Atsumi Peninsula. A wider choice of variables including not only metric but also descriptive characters will be needed to confirm this cline. More information about samples as regards their archeological sites will enable us to understand the spatial and temporal aspects of Jomon crania.
CONCLUSION
I investigated intra-and inter-regional homogeneity or heterogeneity of Jomon skulls using bootstrap probabilities. These were expected to prove an interesting parameter of morphological similarity between sites, but in two geographical regions -northern Chiba and Atsumi Peninsula -so little homogeneity was found that the regions could not be accepted as a single morphological unit; moreover, the two regions showed much internal heterogeneity, each with its unique pattern. This intra-regional heterogeneity was almost comparable to the inter-regional one.
The assumption of "regional characteristics" according to a composite from various samples collected throughout the region in question has always been approximate, at best, except for a few, remarkable populations whose isolation from others was "proven" for the historical period under examination. Improved methods of analysis should not be neglected in investigation of site-to-site variation prior to new assertions about morphological distances between adjacent geographical regions.
